I
T HAS generally been assumed that diseases of the intestinal tract interfere with nutrient absorption. Quantitative data have been lacking on the amount of absorptive impairment or the periods during the disease cycle when it occurred.
Stafseth (1931) observed that rickets appeared more frequently or was more severe in birds suffering from coccidiosis. Erasmus et al. (1960) demonstrated decreased liver storage of vitamin A in chicks suffering from coccidiosis caused by a combination of E. tenella and E. acervulina. The decrease was particularly marked 1 week after the administration of the oocysts. These two reports suggest the occurrence of either absorptive impairment or excessive nutrient excretion in birds having coccidiosis.
However, several groups (Edgar, 1958; McLoughlin et al., 1960; and Panda and Combs, 1964) have noted periods of increased rate of weight gain during recovery from coccidiosis. Panda and Combs (1964) suggested that this growth rate increase was due to increased weight of glands that respond to stress by hypertrophy. Observations in this laboratory suggest that increased nutrient absorption may occur during certain phases of intestinal disease (Turk and Stephens, 1966 tance (Davies et al., 1963) . This coccidium attacks the ceca causing severe hemorrhage, weight loss, and death (Davies et al., 1963) . Several trials were undertaken to study the effect of controlled infections of E. tenella on nutrient absorption and to compare these with the effects of E. necatrix, which primarily attacks the mid-gut. The results of the E. necatrix study were previously reported (Turk and Stephens, 1960) .
PROCEDURE
In each of the trials reported, commercial broiler-type male chicks were raised to 4 weeks of age in electrically heated battery brooders with ad libitum access to a starter ration and tap water. At 4 weeks of age, the birds were randomly divided into two groups. One group in each trial was left uninoculated, and the second group received a single dose of 75,000 sporulated oocysts of E. tenella in 1 ml. of tap water in trials 1 and 2, and 50,000 sporulated oocysts in trial 3. The number of sporulated oocysts in the water suspensions was determined with the aid of a hemocytometer.
At the intervals after inoculation shown in Tables 1, 2 , and 3, five birds each from the control group and the infected groups were randomly selected, weighed, placed in individual cages, and given a #3 gelatin capsule containing 50 uc. zinc-65 chloride absorbed on sucrose. Feed and water were available to each bird throughout the trial. At intervals of ^, 1, 2, 4, 8, and 24 hours after administration of the tracer, 1 ml. of blood was drawn from each bird by cardiac puncture and the amount of radioactivity * Significantly (P < .05) greater or less than uninfected birds at the indicated time and day. ** Highly significantly (P<.01) greater or less than uninfected birds at the indicated time and day. 1 Scoring system: 0 = normal intestine and ceca 4=severely ballooned, hemorrhagic ceca with cores present was determined in a well-type scintillation counter with a pulse height analyzer. At the end of the tracer period, all birds were sacrificed and examined for intestinal damage. A visual scoring system, 0 through 4, was used in which 0 denoted a normal ceca and 4 denoted a severely ballooned and hemorrhagic ceca, frequently containing cores. Weights and cecal scores shown in the tables are those of the birds used in the tracer trial at that particular interval.
RESULTS AND DISCUSSION
In each of the three trials, an infection was obtained that resulted in about 5% mortality occuring 5 to 7 days after inoculation. As shown in Tables 1-3, the most severe cecal damage occurred on the sixth day postinoculation and gradually healed as the experimental period progressed beyond this point. Average weight of the infected birds, when compared to that of uninfected control birds, was decreased from the 6th to 35th days in the first trial, and from the 6th to 21st days in the second and third trials. These weight decreases were somewhat variable and were statistically significant only at the intervals shown in Tables 1-3. In the first and third trials, slight decreases in zinc absorption were observed on the first day after administration of oocysts (Table 1 and 3) , but these were not generally statistically significant. In the second trial, however, (Table 2 ) a large and highly significant increase in zinc absorption was observed. This latter observation is similar to those made in E. necatrix infections. By the third day postinoculation, the absorption patterns observed in infected birds were comparable to those observed in uninfected control birds, except for an increase that occurred in the early hours of day 3 in trial 2.
On the 6th day postinoculation, absorp- tion in inoculated birds tended to be impaired in all three trials. These decreases in absorption, however, were statistically significant only at certain intervals after tracer administration in trial 1 and were not significant during the other trials. From the 9th through the 28th days postinocultion, an irregular pattern was observed in all three trials. Absorption tended to be somewhat decreased during the early part of this period and near uninfected control levels during the latter part. However, individual variation was so large during this period that there were no consistent significant differences. There was an increase in absorption of zinc-65 in the infected birds 35 days postinoculation in the first and second trials. This effect was less pronounced in the third trial. This period of increased zinc absorption during the recovery phase of the disease had also been observed in E. necatrix infections. bloodstream occurs later in the infected birds than in the uninfected birds. The curves of bloodstream radioactivity versus time after administration of oral radiozinc have similar shapes in both the infected and uninfected birds, but the curve for the infected birds is displaced toward later times. This delay in absorption was also seen in E. necatrix infections (Turk and Stephens, 1966) .
Variation of response to the infection between individual infected birds was much greater in all three trials with E. tenella than was found in E. necatrix infections. Because of this variability, overall treatment effects on zinc-65 absorption while highly significant (P < .01) in trial 1, were only significant (P < .05) in the second trial, and were not significant in the third trial. Statistically, the differences in absorption due to days after inoculation and time after administration of zinc-65 were highly significant (P < .01) in all three trials. Interactions between time after tracer administration and days after oocyst inoculation and among time, day, and treatment were highly significant in all three trials. These interactive effects indicate that absorptive delays, such as shown in Table 1 , occur during the severe phases of the cycle of E. tenella infections.
The quantitatively less and more variable effects of the E. tenella infections upon radiozinc absorption when compared with E. necatrix infections are not entirely unexpected since the E. tenella infections are centered in the ceca rather than in the small intestine. E. tenella infections may, however, produce variable and slight damage in the small intestine (Davies et al., 1963) , which may account for the nutrient absorptive impairment noted. Partial stasis of the gut is strongly suggested by the delay of absorptive peaks observed in infected birds during severe stages of the disease cycle. The slight damage to the small intestine and the partial stasis of the gut during E. tenella infections appear to provide a satisfactory explanation of the nutrient absorption effects noted in these trials, but they do not explain the weight losses, morbidity, and mortality seen in the disease. In this respect, the data tend to substantiate the hypothesis advanced by Burns (1958) and Rikimaru et al. (1961) that the weight losses, mortality and morbidity seen in E. tenella infection are due to blood losses and toxins secreted by the coccidia rather than to interferences in nutrient absorption.
SUMMARY
Three trials are reported in which 4 week-old broiler male chicks were inoculated with 50,000 or 75,000 sporulated oocysts of E. tenella. As the infection progressed, 50 uc. zinc-65 was orally administered and the rate of appearance of radioactivity in the bloodstream was followed. E. tenella infections had a mild and variable effect upon radiozinc absorption. There was a tendency for radiozinc absorption to be decreased on the sixth day postinoculation as was seen in E. necatrix infections, but other features observed in E. necatrix infections were not observed. Delay of absorptive peaks was observed in E. tenella infected birds during severe stages of the infection but not after recovery. Johnson and Merritt (1955), Funk et al. (1958) , Cunningham et al. (1960 ), Taylor (1960 and Bornstein and Lipstein (1962) . The information presented here is meant to supplement information concerning the initial quality of eggs laid by birds of different ages and strains.
This report is concerned with observations made on eggs from a number of flocks kept in cooperation with the Southern Regional Poultry Genetics Laboratory and the Poultry Department of the University of Georgia from 1960 through 1964. In 1960 ten egg production strains were placed at each of 10 stations including the Genetics Laboratory. In 1961 10 similar lots of birds were placed. The strains were intermingled at each station during the growing period. In the laying period both cage and floor housing were represented. The stocks were intermingled at those stations using the latter type of housing. Samples of eggs were taken at 200 and 350 days of age for measuring specific gravity and Haugh scores. From 1961 through 1964 data on specific gravity and Haugh scores were collected on random samples of eggs from birds in control pens of three flocks which were being kept over several years on other research projects at the University of Georgia. Age of birds at sampling varied from 251 to 797 days. All birds at the University of Georgia were housed in floor pens.
ALBUMEN QUALITY
A number of studies have shown that albumen quality as measured by albumen height, albumen index or Haugh scores declines as the bird ages (e.g., Hunter et al., 1936; Wilhelm and Heiman, 1938 
